The objective of this research was to survey the productivity, costs, agricultural income and economic viability of Semi-Confined and confined milk production systems in Free-Stall and Compost Barn in Rio Grande do Sul, Brazil. In order to perform the research, four milk production units were selected in each of the three systems studied. Compared to the others, the Semi-Confined system had greater return of capital invested per year, as well as higher agricultural income per animal and per area, while the confined system in Compost Barn had higher farm incomes per man work unit and total farm incomes due to greater productive scale of properties. The Free-Stall system had the worst economic results. It was not possible to define an ideal system for the state, since the specificities of each property should be analyzed for choosing the system, especially the availability of the factors of production land, capital and labor.
Introduction
Dairy farming is important in the generation of jobs and income in Brazil. The country has more than 1.3 million properties that develop the activity in which 3.6 million people from the primary sector participate [1] . The production of milk in the Southern Region grows parallel to the nation due to technological, management and organization aspects of the production chain [2] . Rio Grande do Sul (RS) has the highest national productivity, with 3034 liters/cow/year [1] .
In Brazil, the dairy farmer needs more professionalization, especially in the management area of costs and viability of new investments. Because farmers prioritize the most urgent activities and formal cost management is not considered as an urgent action, it is rarely carried out [3] . The cost management is fundamental to the viability of the business. The lack of management information on the structure of costs and profitability can trigger losses that are not noticed because they are not measured [4] [5] . Despite its importance, rural accounting is commonly viewed as a complex technique and has a low practical return and, therefore, is one of the least used tools for Brazilian rural producers [6] [7] . Considering the more recurrent market situation, the fact that the farmer has no control over the prices of the product and inputs, he must manage possible variables, essentially reducing production costs [8] [9] .
In Brazil and RS there is a plurality of productive systems. Some farmers, seeking greater productivity and production scale, opt for the intensive model, which requires greater consumption of industrial rations and pharmaceuticals, and more productive races. Others select less intensive systems with lower production costs and use of inputs produced in the Milk Production Unit (MPU) [10] .
The discussion about the intensification of the milk production system, measured by the relation between the quantity produced and the quantity of the factors of production used (such as land, animals and manpower), is recurrent in the sector. In RS, the search for intensification has aroused the interest of dairy farmers in investing in confinements, especially the compost barn type. This is also due to the predominance of family farming properties, which have less availability of productive area, but wish to increase income or combine activities in this area [11] . Others opt for free-stall confinement, while some remain with semi-confined or extensive systems.
As exposed before, part of the farmers decides which production system to adopt without analyzing the feasibility of the investment. Are these production systems economically viable? What productive system (semi-confined, confined in free-stall or compost barn) presents greater economic return for the RS MPUs? The present research aimed to identify and compare the economic viability of confined milk production systems (free-stall and compost barn) and semi-confined, identifying which production system optimizes the factors of production land, animal and labor.
Material and Methods
The method employed was a quantitative research with a survey type study. The such as a questionnaire [12] . Table 1 defines the three milk production systems considered and analyzed in this research.
The research considered different steps for data collection and analysis, as follows: Stage 1 (01/04/16 to 01/05/16)-Survey of the milk producing properties in RS and identification of the MPUs that would participate in the research. These were selected intentionally, based on being representative: four with semi-confined production systems, four with confined production systems with free-stall and four with production systems confined to compost barn. In order to select them, the degree of representativeness of the others was observed, so that they were modal, especially in what corresponds to the number of animals in the property (milking, and heifers), genetic pattern, production standard, managers of the milk production unit.
Stage 2 (01/05/16 to 30/06/16)-Survey of production costs data. Each property was visited with prior scheduling to carry out the collection of data with a semi-structured questionnaire and production costs worksheets developed in Microsoft Excel®. All factors and items of costs necessary for the production of milk during 2016/2017, as well as the necessary investments for the said production systems, were enumerated and quantified. Costing is the basis for subsidizing management decisions; measuring the sustainability of an enterprise; defining the economic viability of an alternative technology; subsidizing proposals or implementing agricultural policies [15] ; and it is the minimum value reference that the producer needs to receive in order to enable the activity and how much it has to produce for profitability [3] [9] . The methodology used in this research to analyze production costs was Added Value, a measure of economic value that evaluates the productive activity of the production unit during a year of retroactive work and allows comparing productive activities of distinct production units [16] [17] [18] [19] .
Stage 3 (01/07/16 to 30/09/16)-Data tabulation using Microsoft Excel® spreadsheets developed to collect milk production costs and perform the Table 1 . Definition of free-stall, compost barn and semi-confined production systems.
Confined

Free-Stall
Productive animals are confined in covered masonry shed which are open at the sides; food is fully served in the trough;
The temperature is controlled by ventilation and sprinkling; each animal has a single bed; the animal rises to be milked and to eat;
The temperature is controlled by ventilation; the animals rest in collective spaces, commonly lined with sawdust bed; it has as a principle the composting of this bed;
Semi-confined
Animals are fed on the trough in a covered shed, where they receive corn silage and concentrate (part of the food), usually after milking. During the interval between milking they are under rotational grazing, usually in cultivated and perennial pastures. Source: Organized by the authors based on reference [13] and reference [14] . 
Results and Discussion
The properties studied in the three production systems do not differ significantly regarding number of animals, Man Work Unit (MWU) and areas used for the activity, as shown in Table 2 . The system that presented the highest utilization of area for the production was the system confined by CB. This is characterized, in the RS, to have larger productive scale, more animals and requires larger area for food production such as silage and hay. The demand for MWUs in the activity was similar between the SC and CB systems, being 2.35 and 2.25 MWUs, respectively. The FS demanded 1.83 MWUs. The productivity measured in liters/animal/day and liters/animal/year was higher in the FS, while the productivity measured in liters/MWU/month and liters/ha/year were higher in CB. From the statistical analyzes carried out, it can be concluded that the behavior presented in this section, for the aforementioned interval, can be determined at the 95% (ninety-five percent) level of confidence, which enables its application in the determination of cost behavior with greater accuracy.
The price received by the producers, production costs and, consequently, the agricultural income of the activity is different between the analyzed production systems ( Table 3 ). For confinement in CB the larger productive scale of the properties guaranteed a higher remuneration per liter. This is because in Brazil there is still a system of payment of milk that subsidizes the largest quantity (productive scale) and not the quality.
A lower cost of production was evident at R$ 0.10/liter for the SC production Agricultural Income/liter of milk for the productive system SC, followed by CB.
The lower income was the FS.
Studies on production costs in milk production systems were conducted at other sites and periods. The results were:
1) Comparative economic analysis between production in free-stall, tie-stall and stable systems concluded that, regardless of the production system analyzed, the properties were not economically viable [9] ;
2) The economic feasibility study identified a cost of R$ 0.09/liter higher in the free-stall system, compared to the semi-confined system [20] ;
3) While assessing the profitability and economic viability of the implantation of a free-stall milk production system, the model was economically unfeasible [21] ; 4) When estimating profitability indicators of the milk production cost center in intensive systems with total confinement with high volume of daily milk production, the main impediments found were: excessive labor and minor expenditure milk sales price [8] ; Table 3 . Remuneration, costs and agricultural income per semi-confined, free-stall and compost barn production system. of America) , Israel, the Netherlands, Canada and Austria. Compost proved to be economically viable and an alternative dairy facility for farmers who wanted to modernize their facilities or start a new dairy operation. To increase herds, it can be used for all dairy cows or for some cows in particular [22] ; 6) Construction costs for the Compost Bedded Pack Barns ranged from $33,000 to $300,000, with a cost per cow ranging from $625 to $1750 (only considering the barn, and not the milking parlor). Bedding costs varied from $0.35 to $ 085/cow/day, depending on the sawdust source and the distance it had to be transported. Costs and availability of bedding materials were the main concern of producers [22] [23] [24] .
Compost barn is the system that most immobilizes total capital (Table 3 ). If the immobilized capital by area and by MWU involved in the dairy activity is considered, Compost also takes the most resource. However, if the fixed capital per animal is evaluated, the free-stall is the one that demands more capital.
The next update is scheduled for next month, Production Costs and Agricultural Income were also analyzed, based on the three productive factors: land, labor and animal (Table 3 ). Considering the factor of labor production, called the Man Work Unit (MWU), the compost barn production system was the one that paid the most for MWU used. Already considering the productive animal resource, the highest remuneration was obtained in the semi-confined production system. Finally, considering the higher remuneration per area (ha), the semi-confined and compost barn production systems had higher and very close remuneration, while the compost barn was positively highlighted.
The free-stall system did not present itself as the best option from an economic point of view in any of this analysis. The Return on Invested Capital (ROIC) in milk production systems calculates the percentage of return per year per property analyzed and the averages per production system (Table 4 ).
In the average of the systems, the SC system presented return of 7% per year, FS of 3.6% per year and CB of 5.4% per year. The greatest disparity was observed in the FS system, with a difference of about 5% per year between MWUs. This analysis was complemented by Payback (Table 4 ), which calculated how many years it takes to obtain Return on Invested Capital, by MWU studied and the average by production system. The highest payback time is in FS, especially due to the disparity between properties analyzed, which demonstrated the need for 52.42 years to have the investment paid. Next is the CB with 18.6 years and, finally, the semi-confined with the best index of 14.28 years. If these two aspects were analyzed in isolation (Payback and ROIC), the SC system would be the most appropriate, since it remunerated the capital invested more quickly.
Conclusions
The confined production systems are the result of more recent investments deriving from the intensification of activity, the search for competitive improvements, Each system showed different efficiency, based on the analyzed productive resources: land, labor, animal. For this reason, the farmer should consider the availability of the factors of production land, capital and labor, in the decision and choice between the semi-confined, free-stall and compost barn production systems. The system to be chosen will depend on the production factor that is most limiting in the property. If there is a lack of area and workmanship, the semi-confined system is not ideal at the expense of confined systems, especially the compost barn. If confined systems are chosen, the producer must have a high productive scale to make the activity feasible, since the costs (especially fixed) are higher. The producer also needs to carry out an investment analysis to identify the viability of the investment. This information will be different for each property, requiring individualized evaluations. The production system is only one factor that affects the success of the property. Therefore, regardless of the system chosen, the farmer needs to be trained and seek competent technical assistance to improve in other aspects that directly impact the profitability of the activity and the longevity of the system. In addition, the decision to confine the animals goes beyond the economic analysis of the activity alone, but opens the space to evaluate the opportunity cost of the land in relation to other activities that could be developed in the areas that are optimized from the confinement. Generally, in RS, extensive milk production is used in areas where land value and competition from grain production areas is lower, reducing the value of land and leases. In contrast, milk production needs to be intensive to be competitive when facing other agricultural activities.
